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I.  STATEMENT  OF  THE  PROBLEM 

It  has  been  shown  that  solutions  of  metallic  salts, 
especially  the  chlorides  of  the  heavy  metals,  have  the  prop- 
erty of  dissolving  oellulose(l).      Salts  of  a  weak  base  and  a 
strong  acid  exhibit  this  property  most  markedly. 

Preliminary  tests  were  made  as  to  the  solubility 
of  cellulose  in  hydrochloric  acid  solutions  of  zinc  chloride, 
copper  chloride  and  ferric  chloride.      Hydrochloric  acid  of 
various  strengths  was    also  tried.      It  was  found  that  gaseous 
hydrochloric  acid  or  concentrated  hydrochloric  acid  were  the 
most  efficient  solvents.      By  pouring  these  solutions  into 
water  the  dissolved  cellulose  is  thrown  out  in  the  ^orm    of  a 
finely  divided  gelatinous  precipitate. 

It  has  also  been  found(2)  that  a  certain  amount  of 
glucose  is  formed  by  the  interaction  of  the  substances  in  the 
original  solution.      According  to  Ost  and  Wilkening(3)  cellu- 
lose when  treated  3  hours  with  72%  sulfuric  acid  and  then  1 
hour  with  2f0  -  3$  sulfuric  acid  gives  almost  theoretical 
yields  of  glucose.      Our  results  with  concentrated  hydrochloric 
acid  and  ferric  chloride  seem  to  show  that  the  yield  is  not 
quantitative  under  the  conditions  described. 

Our  problem  has  been  to  compare  the  original  cellu- 
lose with  the  precipitated  substance  obtained  by  dilution  of 
the  above  solution,  to  determine,  First,  the  percentage  of  the 
original  material  which  is  recovered  upon  dilution  with  water; 

(1)  Deming,  J.  Am.  Chem.  Soc.  33,  1515-1525  (1911). 

(2)  Ibid.  -~~ 

(3)  Ost  and  tfilkening,  Chem.  Ztg.  34,  461-462  (1910) 
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Second,  to  study  the  composition  and  properties  of  the  repre- 
cipitated  matter  and  compare  them  with  those  of  the  original 
dellulose;  Third,  to  estimate  the  amount  of  glucose  or  other 
soluble  matter  produced  in  the  reaction  which  occurs. 


EXPERIMENTAL  METHODS 
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II.  EXPERIMENTAL  METHODS 

Crystallized  ferrio  chloride  (PeCl3,6HgO)  was 
selected  as  the  salt  best  suited  for  our  purposes.      A  prelim- 
inary test  showed  that  the  iron  could  be  removed  by  the 
addition  of  zinc  oxide  with  subsequent  precipitation  of  the 
dissolved  zinc  with  hydrogen  sulfid.      This  obviates  the  necess- 
ity of  removing  the  iron  by  precipitation  with  an  alkaline 
solution,  a  process  likely  to  cause  some  decomposition  of 
glucose. 

For  cellulose  a  good  quality  of  filter  paper  was 
used  (Whatman  Paper  Ho.  1).      The  moisture  in  these  papers  under 
the  conditions  obtaining  in  our  laboratory  was  found  to  be  6.65$. 

By  passing  hydrochloric  acid  gas  over  50  grams  of 
crystallized  ferrio  chloride  the  salt  went  into  solution. 
This  solution  dissolved  6.2  grams  (calculated  dry)  of  cellulose 
and  formed  a  viscous  colloidal  solution  that  appeared  to  be 
homogeneous.      This  seemed  to  be  about  the  maximum  amount  of 
cellulose  that  would  form  a  homogeneous  solution  with  ferric 
chloride  and  hydrochloric  acid  in  the  proportions  given.  The 
molecular  ratio    of  the  mixture  is  approximately  10  molecules 
of  ferric  chloride  to  1  molecule  of  cellulose.      The  hydro- 
chloric acid  and  water  present  at  the  same  time  were  not  deter- 
mined.     After  standing  at  room  temperature  for  48  hours  the 
cellulose  was  reprecipitated  by  pouring  into  water. 
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Determination  of  Percentages  of 
Re -precipitated  and  Soluble  Matter 

The  material  which  was  precipitated  upon  dilution 
was  dried  to  constant  weight  at  100  degrees  and  found  to  weigh 
4.96  grams  or  79.9$  of  the  original  sample.      Polarization  of 
the  filtrate  after  removal  of  the  iron  and  neutralization  with 
ammonium  hydroxide  showed  zero  rotation.      An  aliquot  sample 
of  the  filtrate  upon  evaporation  showed  for  the  total  sample 
.02  grams  or  .32$  of  soluble  solids,  after  deducting  the  amount 
of  ammonium  chloride  present  as  the  result  of  neutralization  of 
the  hydrochloric  acid  with  ammonium  hydroxide.      These  results 
show  the  weight  of  recovered  substances  to  be  80.3$  of  the 
original  dry  sample. 

An  experiment  was  made  to  determine  the  effect  of 
using  hydrochloric  acid  alone.      In  this  case,  cellulose  was 
treated  with  lOOcc  of  concentrated  hydrochloric  acid  (S£.Gr.l.2) 
and  reprecipitated  after  standing  at  room  temperature  six  days. 
The  filtrate  showed  zero  rotation  when  polarized.      The  weight 
of  dried  residue  was  8.118  grams  or  52.7$  of  the  original 
sample,  and  of  soluble  solids. 044  grams  or  .28$  making  the 
amount  of  recovered  matter  53.00$  of  the  original  sample. 

To  determine  the  effect  of  heat  upon  the  percentage 
of  material  recovered  by  reprecipitation  and  evaporation, 
another  test  was  made  in  which  18.6  grams  of  cellulose  was 
dissolved  in  a  solution  made  by  adding  lOcc  of  concentrated 
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hydrochloric  acid  to  100  grams  of  ferric  chloride.  Solution 
was  effected  by  warming  30  minutes  on  a  water  bath.  Tfie 
solution  was  poured  into  water  at  once,  filtered,  and  the  iron 
removed  from  the  filtrate.      The  solution  gave  a  rotation  of 
3.6  degrees  (Ventzke)  after  concentrating  to  lOOcc.      The  dried 
residue  amounted  to  9.765  grams  or  52.5$  of  the  original 
sample  and  the  soluble  solids  weighed  2,11  grams  making  63.8$ 
recovered  substances.      Tablel  summarizes  these  results. 

In  all  the  above  determinations  the  percentage  of 
recovered  matter  is  considerably  less  than  100$.      This  might 
be  due  to  the  formation  of  volatile  substances  that  have  been 
lost  upon  concentration.      Furfuralmight  be  expected  to  be 
formed  by  the  action  of  a  strongly  acid  solution  on  cellulose, 
but  tests  made  upon  several  of  the  filtrates  failed  to  give 
any  indication  of  that  substance.      Another  possibility  is 
that  some  of  the  decom  osition  products  of  the  cellulose  are 
of  an  acid  nature  and  are  removed  from  the  solution  by 
combination  with  the  zinc  oxide.      When  samples  of  the  zinc 
oxide  residue  were  ignited,  however,  no  evidence  of  the  presence 
of  organic  matter  was  obtained.      The  nature  of  the  undeter- 
mined products  of  the  reaction  is  therefore  still  uncertain. 

It  appears  from  Table  I  that  by  prolonged  action  of 
hydrochloric  acid  alone  at  room  temperature,  and  also  by  heat- 
ing solutions  of  cellulose  in  ferric  chloride  and  hydrochloric 
acid  any  glucose  that  may  have  been  formed  is  either  destroyed 
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or  converted  into  some  inactive  substance. 

Preparation  of  Fresh  Samples  to  be 
Used  in  a  Study  of  the  fiase  of  Hydrolysis, 
Reducing  Power  and  Composition  of  the 
He-precipitated  Substance 
A  solution  of  18.6  grams  of  cellulose  with  100  grams 
of  ferric  chloride  and  lOcc  of  concentrated  hydrochloric  acid 
was  prepared  by  allowing  the  mixture  to  stand  at  room  tempera- 
ture for  4  days.      After  pouring  into  water  and  filtering,  the 
iron  was  removed  by  adding  Bine  oxide  and  allowing  the  solution 
to  stand  in  contact  with  it  for  3  days.      A  portion  of  the  zinc 
was  then  removed  by  passing  H2S  thru    the  solution  and  filtering 
off  the  zinc  sulfid.      The  filtrate  was  concentrated  on  the 
water  bath,  H2S  again  passed  in  and  the  solution  filtered  and 
again  concentrated.      It  was  then  diluted  to  lOOcc  and  25cc 
aliquot  portions  used  in  the  Iviunson  and  Walker  method  for  deter- 
mining soluble  reducing  substances.      By  thus  precipitating 
only  a  part  of  the  zinc  et  a  time,  it  was  possible  to  avoid 
prolonged  contact  of  the  material  with  strong  hydrochloric 
acid  during  evaporation  and  consequent  destruction  of  the  glu- 
cose.     Altho    there    are    probably    other    reducing  substances 
present,     the    result    of    the    determination    was  calculated 
as    glucose.      The  determination  showed  a  total  of  .66  grams 
or  3.5$  of  glucose  for  the  original  sample.      The  precipitated 
matter  recovered  amounted  to  £.88  grams  or  69.2$,  giving  72.8$ 
total  recovered  matter. 
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Another  sample  prepared  by  the  same  procedure,  after 
standing  10  days,  gave  13.19  grams  of  precipitated  matter  or 
70.9$  and  .542  grams  of  glucose  or  2.9$.      The  recovered  matter 
from  this  sample  was  73.8$.      The  results  are  summarized  under 
Table  II. 

In  order  to  get  as  nearly  complete  solution  of  the 
cellulose  as  possible,  we  prepared  a  sample  of  200  grams  of 
ferric  chloride,  lOOcc  of  hydrochloric  acid  and  18.6  grams  of 
cellulose  and  allowed  it  to  stand  at  room  temperature  for  12 
days.      At  the  end  of  that  time  it  was  not  completely  dissolved. 
The  sample  was  centrifuged  1  hour  and  the  supernatant  liquid 
poured  off.      Fifty  grams  of  ferric  chloride  and  25cc  of  con- 
centrated hydrochloric  acid  were  added  and  the  mixture  allowed 
to  stand  6  days.      It  was  again  centrifuged,  the  liquid  was 
removed  and  12.5  grams  of  ferric  chloride  added  to  the  gelat- 
inous substance  remaining.      This  mixture  was  shaken  quite 
frequently  and  allowed  to  stand  at  room  temperature.      At  the 
end  of  24  days  the  material  still  seemed  to  resist  going  into 
complete  solution  and  gave  the  same  colloidal  solution  that 
resulted  in  the  preparation  of  our  previous  samples.  No 
material  was  precipitated  upon  diluting  the  more  fluid  portion 
removed  by  centri fuging.      This  fact  indicates  that  the  cellu- 
lose cannot  be  made  to  form  a  true  solution  but  always  remains 
in  the  colloidal  state. 

This  colloidal  solution  was  poured  into  water, 
filtered,  and  the  nitrate  added  to  those  portions  previously 
removed  b5  centrifuging.      The  precipitated  matter  was  washed 
and  suspended  in  500cc  of  5%  sulfuric  acid  (Sp.Gr.  1.07). 


   ■■   1  '  ——""-I 
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After  violent  shaking,  aliquot  samples  were  pipetted  out  and 
the  weight  of  the  insoluble  matter  in  the  original  suspension 
determined  by  filtering  into  a  Gooeh  crucible,  drying  at  100 
degrees  and  determining  the  loss  upon  ignition.      THis  filtration 
was  hastened  by  mixing  an  approximately  equal  amount  of  powdered 
silica  with  the  precipitate  to  be  filtered.      To  prevent  charr- 
ing of  the  precipitate  upon  drying  at  100  degrees,  the  residue 
was  washed  thoroly  and  the  last  traces  of  acid  removed  by 
washing  v/ith  barium  hydroxide  solution.      The  amount  of  the 
precipitated  matter,  corrected  "or  the  ash  contained  in  it,  was 
12.00  grems. 

Hydrolysis  of  He-precipitated  Matter 

Outline 

Dissolve  cellulose  at  room 
temperature,  pour  into  water 

(A)y—  ■  1  . 

fpl/.  Suspend  in  500cc  acid.  Filtrate 


Determine  wt.  of  .1  Concentrate  on  water  bath 

Determine  Gu  Eo.  of  .1  Remove  iron  with  ZnO 

Boil  .8  with  acid,  3  hr.        Remove  Zn  with  H2S 
Filter  Filter,  concentrate  to  lOOcc 

Determine  reducing  power 


/(B) 

Ppt.  Suspend  in  500cc  acid  Filtrate 

Determine  wt.  of  .1  Neutralize  with  BaCO?; 

Determine  Gu  Ho.  of  .1  Filter,  concentrate  on  bath 

Boil  .8  with  acid,  15  hr.  in  presence  of  BaCOg 

Filter  Filter,  concentrate  to  lOOcc 

 J   Determine  reducing  power 

Ppt.  Suspend  in  500cc  w&£er  Filtrate 

Determine  wt.  of  .2  Proceed  as  above 

Determine  Gu  Ho.  of  .2 
Wash  .6  with  Ba(0H)g 
Dry,  grind,  run 
combustion 
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The  details  of  an  experiment  carried  out  in  accord- 
ance eith  the  above  outline  were  as  follows* 

The  remaining  .8  of  the  suspended  matter  from 
Precipitate  A  was  boiled  in  5$  sulfuric  acid  for  3  hours  under 
a  return  condenser.      An  aliqout  portion  of  the  solid  matter 
remaining  from  this  treatment  was  filtered,  washed  with  water 
and  barium  hydroxide,  dried  and  weighed.      Calculated  to  the 
basis  of  the  original  18.6  gram  sample,  it  amounted  to  14.31 
grams    or  76.8$.      The  filtrate  from  this  residue  was  neutral- 
ized by  the  addition  of  barium  carbonate,  and  after  filtering 
off  the    barium  sulfate  was  concentrated  to  lOOcc.  Determi- 
nations of  reducing  matter  by  the  Munson  and  Walker  method 
gave  .1290  grams  or  .68$  when  calculated  as  glucose  in  the 
original  sample.      The  remainder  of  the  precipitated  matter 
from  the  above  filtration  was  suspended  in  500cc  of  5$  sul- 
furic acid  and  boiled  under  a  return  condenser  for  15  hours 
more,  making  in  all  18  hours  boiling.      A  determination  of 
solid  matter  remaining  showed  12.39  grams  or  66.6$,  and  the 
glucose  .2818  grams  or  1.54$    when  calculated  to  the  basis  of 
the  original  sample. 

Three  samples  composed  of  250  grams  of  ferric 
chloride,  lOOcc  of  concentrated  hydrochloric  acid  and  18.6 
grams  of  cellulose  were  allowed  to  stand  10  days  at  room 
temperature.      The  amount  of  precipitated  matter  and  glucose 
was  determined  in  the  same  manner  as  above,  using  the  total 
sample.      Samples  of  the  filter  paper  were  treated  in  the  same 
way  and  like  determinations  of  glucose  and  solid  matter  were 
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made.      It  is  to  be  noted  that  instead  of  a  decrease  in  the 
weight  of  solid  matter  when  it  is  boiled  3  hours  we  find  an 
increase,  even  tho  it  was  shown  that  reducing  substances  were 
formed. 

Composition  of  Precipitated  Matter 

When  the  substance  (0)  .  which  was  material  that  had 

resisted  boiling  for  18  hours  in  5  $  sulfuric  acid, was  allowed 

to  dry  in  air,  it  formed  an  extremely  hard  hornlike  mass. 

This  was  dried  at  100  degrees  and  analyzed  by  combustion.  The 

results  are  given  in  the  table  below. 

Material  0 
Dried  at  100  degrees 

Calculated  for  6(C6Hiq05) ,H20  Found 

Carbon  43.63  43.73 

Hydrogen  6.26  6.18 

Filter  Paper 
Dried  at  100  degrees 

Calculated  for  C6H10O5  Found 

Carbon  44.44  43.50 

Hydrogen  6.17  6.18 

From  the  analyses  shown  we  conclude    that  the 
compositions  of  the  filter  paper  and  the  precipitated  material, 
both  dried  at  100  degrees,  are  the  same.      As  has  been  shown 
by  previous  observers,  the  filter  paper  carries  a  sma}.l 
amount  of  moisture  even  when  dried  at  100  degrees  in  an  air 
bath.      After  drying  the  precipitated  material  is  evidently 
hydrated  and    the  composition  is  approximately  6(C6Hiq05) ,HgO. 
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Reducing  Power  of  Precipitated  Matter 
The  reducing  powers  of  the  precipitated  material  and 
of  the  original  filter  paper  were  determined  by  the  method  of 
Schwalbe(4).      This  method  consists  of  mixing  a  25cc  sample 
with  lOOco  of  Fehling's  solution,  diluting  to  300cc,  heating 
under  a  reflux  oondenser  for  15  minutes  and  determining  the 
amount  of  copper  precipitated  by  depositing  it  electrolytically 
from  a  mixed  HNOs-HgSC^  electrolyte.      The  "copper1*  number"  is 
the  amount  of  copper    in  grams  which  is  reduced  by  100  grams 
of  the  substance  under  examination.      The  copper  number  of  the 
filter  paper  used  to  prepare  the    cellulose  solution  was  found 
to  be  1.3.      For  the  reprecipitated  matter  which  had  not  been 
boiled  with  5$  sulfuric  acid  the  copper  number  was  5.8,  for 
that  which  was  boiled  3  hours  it  was  4.6,  and  for  that  boiled 
18  hours  it  was  5.3. 

The  copper  number  of  the  air-dried  matter  (C)  indicates 
powers  tho&e  Of 

that  it  has?educing      ^     similar  toAhydrocellulose,  a  sub- 
stance prepared  by  Schwalbe  by  the  aotion  of  3$  sulfuric  acid 
on  filter  paper  and  dried  in  air(5).      He  determined  the  formula 
of  hydrocellulose  to  be  2( O6H10O5 ) ,HgO.      The  copper  number  of 
the  substance  of  this  formula  he  found  to  be  5.2  -  5.8. 
According  to  Schwalbe,  a  determination  of  the  reducing  power  or 
copper  number  is  a  more  reliable  way  of  determining  the  identity 
of  a  cellulose  than  by  elementary  enalysis(6).      This  is  very 

(4)  Schwalbe,  Ber.  40    1347-1351,  (1907). 

(5)  Ibid. 

(6)  Schwalbe,  Zeit.  An.  Ohem.  22      155-156,  (1909) 
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probably  true  because  a  variation  of    l/2  molecule  of  water  in 
cellulose  changes  the  percentage  of  hydrogen  in  the  original 
sample  by  only  .53. 

A  summary  of  our  analyses  and  comparisons  are  shown 
in  Table  IV. 

Solubility  of  Precipitated  Matter 
The  air-dried  material  from  the  first  precipitate  was 
finely  ground  and  tested  for  solubility  by  allowing  it  to  stand 
in  contact  with  the  reagents  for  £4  hours.      The  results  of  the 
solubility  tests  are  shown  below.      Evidently  the  reprecipitated 
substance  does  not    differ  appreciably  in  solubility  from  the 
original  cellulose. 

UaOH  (20$)  Insoluble 

Formic  acid  Insoluble 

Schweitzer's  Reag.  Soluble 

Sulfuric  acid  50$         Partially  soluble 

Acetic  acid  99$  Insoluble 

Alcohol  98$  Insoluble 

Ether  Insoluble 

Study  of  the  Soluble  Matter 
The  soluble  matter  remaining  in  solution  upon 
precipitation  with  water  showed  a  rotation  corresponding    to  3.5 
grams  and  3.1  grams  of  glucose  respectively.      The  same  samples 
showed. 54  grams  and  .57  grams  respectively  when  glucose  was 
determined  by  the  Munson  and  Walker  method.      We  concluded  from 
the  discrepancy  indicated  that  active  substances  other  than 


glucose  were  formed  and  in  later  samples  we  confined  our 
determinations  of  glucose  to  the  Munson  and  Walker  method. 
As  shown  by  Table  III,  a  larger  amount  of  glucose  was  produced 
after  allowing  the  mixture  to  stand  10  days  than  after  standing 
24  days.      In  each  case  a  less  amount  of  glucoae  was  obtained 
than  with  an  equal  sample  of  filter  paper.      This  result  is 
similar  to  that  found  by  Sohwalbe  (7)  when  he  allowed  acetic 
anhydride  and  sulfuric  acid  to  act  upon  cotton  cellulose.  He 
found  that  substances  were  produced  during  the  "irst  part  of 
the  reaction  which  reduced  rehling's  solution,  but  these  were 
changed  during  the  later  stages  into  substances  incapable  of 
reducing  Fehling's  solution. 

(7)  Schwalbe,  Zeit.  angew.  Ohem.     24    1256-1260,  (1911) 


III.  SUMMARY     *JJD  CONCLUSION 
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III.     SUMMARY  AND  CONCLUSION 
A  study  of  the  solubility  of  cellulose  in  solutions 
of  metallic  chlorides  in  the  presence  of  hydrochloric  acid  has 
indicated  that  ferric  chloride    is  among  the  best  solvents. 
Gaseous  hydrochloric  acid  or  a  concentrated  solution  added  in 
small  quantities  to  the  hydrated  salt,  FeCl3»6HgO,  produces  a 
colloidal  solution  of  cellulose,  from  which  the  latter  is 
precipitated  upon  dilution  with  water. 

Some  decomposition  of  the  cellulose  results  from  this 
treatment,  even  when  it  is  carried  on  in  the  cold.      Among  the 
products  of  the  reaction  glucose  has  been  identified,  but  its 
estimation  by  means  of  Fehling's  solution  fails  to  give  results 
agreeing  with    a  polarimetric  analysis.      Greatest  optical 
activity  is  observed  in  preparations  where  the  solution  of 
cellulose  is  effected  by  warming  with  the  reagents  por  a  short 
time;    but  when  the  action  of  the  acid  continues  for  a  number 
of  days,  even  in  the  cold  and  without  ferric  chloride,  the 
optical  activity  of  the  products  of  hydrolysis  is  destroyed. 

By  adding  together  the  weights  of  the  material  recov- 
ered upon  diluting  the  solution  with  water  and  the  weight  of 
the  soluble  matter  obtained  upon  evaporating  the  filtrate  and 
removal  of  the  iron  by  a  method  worked  out  in  this  paper,  only 
about  70$  of  the  original  material  is  accounted  for.  The 
remaining  3O/0    appears  not  to  be  converted  into  furfural  or 
any  cof  the  derivatives  of  furfural  which  give  the  color  reaction 
with  aniline  acetate.      it  is  probable  that  the  missing  30%  has 
been  converted  into  some  volatile  substance  other  than  furfural, 
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or  that  it  forms  insoluble  compounds  with  zinc  oxide  which  ere 
not  carbonized  by  heating.      This  subject  was  not  further* 
investigated. 

The  material  reprecipitated  by  diluting  the  colloidal 
cellulose  solution  dries  to  a  hard  hornlike  mass  whose 
composition  in  the  air-dried  condition  olosely  approximates 
O6HioO5tHg0,  indicating  that  the  original  cellulose  has  been 
somewhat  hydrated  during  td&e  solution.      This  material  when 
finely  ground  and  boiled  with  dilute  fails  to  hydrolyze 

more  readily  than  cell  ilose  itself.      It  differs  from  cellulose 
however  in  possessing    a  slightly  greater  reducing  power. 
This  is  due  possibly  to  slight  oxidation,  since  the  reducing 
power  of  ordinary  cellulose  is  supposed  to  be  due  to  small 
amounts  of  a  socalled  r?oxy-cellulose" . 

The  material  that  had  resisted  fcfee  boiling  with  dilute 
sulfuric  acid  for  18  hours  and  which  was  very  probably  identical 
with  that  obtained  by  diluting  the  original  colloidal  solution 
with  water,  has  a  composition  which  appears  to  be  the  same  as 
that  of  cellulose  itself.      Both  this  material  and  ordinary 
cellulose,  however,  contains  a  small  amount  of  water  that 
remains  after  drying  at  100  degrees. 

It  appears,  therefore,  that  the  cellulose  recovered 
from  the  solution  studied  differs  from  that  occurring  naturally 
in  plants,  chiefly  in  that  it  has  lost  its  fibrous  structure. 
The  increase  in  reducing  power  that  was  observed  is  very  probably 
due  to  slight  accidental  oxidation  of  a  small  portion  of  the 
material. 
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Table  I 


Samples 


Gms.  air-dry 
Ppc  Matter 


50  g.FeClg 
EC1  gas 
6.2  g  paper 
2  days 


5.2045 


15.4  g. paper 
lOOcc  HC1 
6  days 


8.3210 


18.6  g.  paper 
lOec  HOI 
100  g.  FeClfl 
30  min.  Heat. 


10.5117 


Grams  of 
Moisture 


.2447 


.2028 


.7467 


Ppo.  matter 
per  cent 


79.9 


52.7 


52.5 


Soluble 
solids 


.02 


.044 


2.114 


Rotation 


0 


3.5 


Glucose  fo 
by  polari- 
zation 


4.4 


Recovered 
Substances 
per  cent 


80.3 


53.0 


63.8 


17 


Table  II 


18.6  g.  paper 
lOoc  HG1 

250  g.  FeCl;,  4  days  10  days 

Precipitated 

Matter-  gms.  12.88  13.19 
Precipitated 

Matter-  $  69.2  70.9 


Gluoose 

(Mun.&  Walker)  .660  .542 


Recovered 
Material-^ 


72.8 


73.8 
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Table  III 


Sample 


18.  6g 

Paper 
lOOoe  HC1 
250  g  FeCls 
10  days 


18.6  g. 

Paper 
125cc  HG1 
312. 5g  FeC Is 
24  days 


18.6  g. 

Paper 
lOOcc  HC1 
250  g  FeCls 
30  days 


18.6  g. 
Paper 


Without 
Boiling 

Ppo. 
Matter 


14.054 


12.00 


Boiling 
3  hrs. 


Ppc.  Mat.       14.725  14.310  18.09 

Glucose 

(M.&W)  .296  .1290  .1404 


Boiling 
18  hrs. 

Ppo.  Eat.       14.460  12.390  17.92 

Glucose 

(M.&  .749  .2818  .2512  1.065 
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Table  IV 

Carbon 

i 

Hydrogen 

Copper  No. 

After  boiling 
18  hrs. 

Filter 
Paper 

43.50 

6.18 

1.3 

Ppo •  Mat . 
Air-dried 

5.8 

5.3 

Ppc.  Mat. 
Dried  100 
degrees 

43.73 

6.18 

Hydre- 

dellulose 
(Theory) 

4E.10 

6.43 

Cellulose 
( Theory) 

44.44 

6.17 
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